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(54) OPTICAL AMPLIFIER 

(57) Abstract: 

PROBLEM TO BE SOLVED: To provide an optical 
amplifier which has a wide gain flat band, high 
saturation output, and low noise. 

SOLUTION: This amplifier has two-stage amplification 
constitution by suing erbium doped fibers(EDF) as gain 
media. The addition density of erbium is 100 ppm and the 
coefficient of nonsaturation absorption of signal light 
of 1550 nm is 1 dB/m. An EDF 14-8 is 100 m long and an 
EDF 14-12 is 70 m long. Exciting light sources 14-6 and 
14-10 are semiconductor lasers of 1.53 and have 
exciting light power of 100 mW. Multiplexers 14-7 and 
14-11 are dielectric multi-layered film filters and a 
gain equalizer 14-4 is a Fourier filter. The peak loss 
of this Fourier filter is 17 dB. The gain of the EDF 
14-8 is 25 dB and the gain of the EDF 14-12 is 15 dB. 
For prevention against laser oscillation, two optical 
isolators are installed in a preamplification part and 
one optical isolator is installed in a postamplification part. 
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(57) [Sift] 

[HUB] W» 3 Fffl#*dsj£< , Mttftta* • 

[ffft^ai **M-C»4. flMWMti LTi/H^^A 
»*B^r-<^ (EDF) *rfflv\ 2g|^0*|tgJSI/£2:£: 
otV>5o x/uer>A^Olg[j: 1 0 0 0 p pmi l % 
1 5 5 0 nmlC^^^m-^-^CO^^In^lR^^C^ 1 d B 
/rn^tSo -EDF' 14- 8 0fiSHl 0 Om-Cfc 
'9. EDF • 14-1 2(Z>ft$tt7 0m"C»5 o 
114-6, 14-10 tel. 5 3//m<Z)^ffl/-f 
■Cfct), B6je^I7-ttl0 0mWe*5o £i£3il4 

- 7 . 14-11 ttRttff^JBBI^ ^ 9 . f!J# 

*(bSl4-4li7-yx7^^t*5o ^ 
^WA^Ofcf— ^tBffctt 1 7 d BTfe&o EDF- 14 

- 8 cD*1]f#te 2 5 d B "C*> 9 . EDF - 14-12 cofij 
#Hl5dBt'fcS. $£T s( y u — $ & is — iK^gSBSjh 





n ufc^&sr £ , &#J#&«roi : 25bia)iea£g£ 1 . 5 

3 u m £ # 5Bigft£ ffl^j-f SBigftSI £ £3tf N<@ © 
6 (N- 1 ) fl (P»|jlWJk»* frM* 

. BgjfcA> e> ft & J: »<Mfc J-J-a MMtig 1 CttaftfiM 

So 

<*HH&> 

ffflE^^JtWBfifctt* «nE*I«ttlS«-«4r^LriW 

®S3t<Oj6fiH, 1. 4 9A>5)1. 5 3 ^m^teiiBT'fe 
**2fettrojtitl>BSg= 

ft*jS2ia«BrojtiitiS§o 

m*!* 1 1 ] me.v ^smm*. «■§•**} .tttt&E 

«»«K»cJ:4«t«*l=*tLlttEJK2«>Bfi*<oi&«4r 

[m*j§ 12] me y ^^mmt % 

^TIE^ 1 roBS3t £ (^&ScoBg^*|g-t-sm 2 coBS 
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5#i£3§£ £ **Hlti:-*-5W# 

4Cl OfEttcojttitgli,, 

[000 1] 

S 0 

10 [0 00 2] 

<D#*ilB*<^*J«*H2 3-B2 5k?5H- 0 EI 2 3 , EI 

24, si 2 5 n-tn-en, vt&&ffi(Ditmm^m 1 , 

12, *3tOffc/£-e&5 0 

[0 0 0 3] 0 2 3 \CiS^X, ,3t«ttB«2 3 - 1 «\ *S 
««2 3-2*JtT^]#^t»2 3-3 i t5*5. 
*«(ff82 3-llt fiS77>T^2 3-4, 2 3-5 

3-lKA^U t#*I£*LS 0 »B**»2 3-2tt, 
20 fiJ#^K2 3-6 (*±»iRai 7 r^^<*fc tt*ft 

B) . atSJtaS 2 3 - 7 , ioi^ =fHJ#$E « 2 3 - 6 <Z> 
B5^^g$nfc^SB D 0 B 2 3-8 (E5g^>if^#;^ 
«», mV^S fU#«R2 3-6CD&« 
KKS£*Lfc}l(;fi5i&2 3-9 0fcT>f V ±!9 
: Massicott et aL f Electron. Lett., 
vol.26, No. 20, pp. 1645-1646, 1990) 0 

[0004] ei 2 3 com^ytm^ 23-1 <Dm-n» 

tt«r. EI 2 6 (a)-B26 (c) l^-fo El 2 6 

(a) tt x ?l|}#if 2 3-6 L 
30 T^£„ EI2 6 (a) ^ flJ^O fitted 3 0 d 

B. fl#¥i§« 3 dBfiJIWSTW*) tttt 

lOnmT'fcSo f«»*ft*2 3-3<0«*4rH2 6 

(b) \C7jk-$- 0 ^i^t-^ifj:, j^lOdBt'fe 
So EI2 6 (a) 0>#J#j&»t>B2 6 (b) £>*jfe*§|V\ 
fcfitf. 3t«IBS2 3- l<ofi]»-cfcSdS, -ttt«rBl2 
6 (c) »C*"*-„ fc/cU «i£0>fca&, 3fc«i&2 3-8 
<h)ta5p a o2 3-90**tt«aLfc 0 #J»3HfcB2 3- 
3*fflV*:it, ^I#^±S^^3 0 nmtCtiAPL 

40 TOH*«*LV>»&, J: , 9^<oj£eo (L7t^oT#< 

[0 0 0 5] 024lt El 2 3 kmtiR<D%m¥r&mi' 

So H2 3C0»-&i:»*5^tt, BIB*«fiO»3fc5 2 
0^®fi3t®2 3-7 ( 2 4-3tffi^t^5Iitfe 
So Bfi*»2 4-3*SUl*i-5afi)eoftfiH, Eft® 
2 3-7 dsm*i-5BIB)l£C0ttft i <9S<, ^IJ|#^ 
S2 3-60 («*3tA**rRl^*tLT) ±ffiffi5>^, 
50 B2 3f:lt'<, XVMt'^feftlfiVZmxm&i'Z (#% 
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3tiSfc : Massicott et al. , Electron. Lett., vol.28, N 
o. 20, pp. 1924-1925, 1992) „ 

10006] @2 5n, m'&<nizi&mk&m-otz.h<nx' 

8152 5 - 3) |c»*»*T,T*i 9 , -t*L&©|BMc, #*£fts"JPS 

it? ■§zfttt.&mffimm2 5 -4asaaiELT$>5. 

«-§^ttt, dsfcfcUl— #*fWIH3t7-f/u* 

^itOT^t«:^*-t-«r. iiSf#5 (^%Srifc : Masuda 
' et al. , Electron. Lett., vol.26, No. 10, pp. 661-66 
2, 1990) o 
[0 0 0 7] 

[«Wds»*UJ; 5 it5RH].i2 3*J«£tfl2l2-4K 

•^^•f-'ttH 9 (a) *J,tt/ID9 (b) fCT^Lfc, El 
9(a) ±0, ¥ffi#lt#^tt¥iS*1J'f#Z>l# AD £ &\zm 

K<fc«J«tS«M±#tt:lc«fc 9 , 3 0 d Basfc^jps^n 
S„ — i9 (b) J; 9, XMmWrmamti^y — 
tt, *{b»**©<tto£#fc:*L <«'>■*-«. ii5 

o fc * * , JEV >¥ffifHI#?IS : *££l§!>5 r. fc #H»c * S , 
[0 0 0 81 *3giP!<Z>@#jf±, Z.V>£5t£X&$:M&l, 
[0 0 0 9] 

7Tj^zm'&&nb-tz>&Ktmnmm.*2&.±.<nm 
^g^^aaeifes* i . 5 3 Mm<t>fcs®a3t*a^j 

^£BS:)fc^££^tfN|!l<£>i#tia5i: x BtrfENl@<Dtf (g 
ft* <N-1) «©ftffWMfc»i:«Mlt*.Jfc£ hZftmt 

Sttft<aAtt£«ft<anjg%ft>e> ^srt ^^jg tut 
fil*:iS3fc|Ettc5|gWtt, M&Xitcett 

* a ssjn 7 r -f " < t? fe 5 r t * t u r v •> 5 . 
[0010] fjf#^4(ci£$fc<£>3gg3f±, f»3K«i 

sg^^igg^ -> y * 7 t- ^ s<m&mc*t l 9 -v >tf*g 
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^flSgriS, 1. 4 9A>5,i. 5 3 /* mWjSffl-C&S ~ 
[0 0 1 1] iS#>S8fc8e<fttf>!89!l±, .»*«2 

**tg*ytbmxmci6»r& y ^^m^m^tczh^ 

[0 0 12] Sfc, 0 \z*zm<n%Wte. IS*iS 

itmc «t 4 ^ 1 £ nft zmmom 2 roibe 

lE^ 1 ©Be* traftftwae3t*-*rs^2 roasjt 
«(riEM2<^®e^is(cisae)t4:Bir»Ey 

[0013] 

40 SOSl~^6(0»^fcov>-c-?-<0«B4rSiML„ 
fe i P> ©^ 1 ~f& 6 »fe^fig*2fiWi-5o 
[0014] § 1 . «[^ 
&%WCD% 1 ~^6C0ti^^-^tl^-*ixlli 1 6 til* 
f. Ml C5«fi£-eS>S01 (i, ^*j^Wroll2 3i:, *i 

(*e®«i5 1-2) jBicffta: («iwiii- 

2 5 ttt, 8tT©cDJi(iISl5 1 - 2 t&fgrotg*! 
SU 1 - 3 «?M^»H-f S jtSBfi^^ij^^tg 1 - 4 "Cfc 

50 /jJ5„ 



r 
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[0015] ~(nm i mi&x*<nw&¥f , ±*m i <a> , 

07 (b) , H8l^t. 07 (a) tt, 3fHJ#«ffc£);fH] 
#CD«[fifift#tt«r*L"CV^So 0 7 (a) T\ fl]#<Z> fcf 
-^»ifi4 0dBt?fc9, tt*tt«Oi*fcJt^ U 

#v^T\ Kv^ds»bJxs 0 mWe&WBM l - 2 co*iJ 

^COAStli 25dBt'fc^ &|£CQfci£Igfl l - 3 (D^\ 
#<0*Sltttl5dBtfc5, feS-^Itt 
tf 1 0 d B£fctt2 0 d B) «±0flJ#fci#;)QU"O'* 
S 0 *iJ#«Mt«l -4©**4:B7 (b) fc*-*- 0 *<z> 
^»±, ttl 0 d B*5<fct*2 0 d B-Cfc-5 0 
[0016107 (a ) COflJ#^6H7 (b) CDft£:2: 

8 ^7F-f- D fcTt'L, tnm<oitib % ytm&i-8, 1-1 
o i-i2, i-i 4o4R*tt*sauyt 0 

e— ^flWSjjfii 0 d B<Z>t#OflJ#5pfflap«tt3 0 nm 
T'fc 9 . tf — ^ tt*SW 2 0 dBOtl O^J#^tB* 

*tt5 0nmt?*>5o 02 6 (c) . ^-fc;b*>. ft*St 
fff^*5^5¥SPJ»«2 0 d BO£#<Z>flJ#¥ffi#*tt 

3 0nm-C&9, 08. ^WK^ttSSPffi 
WH£2 0 d BO£#<Dfl]»¥S**tt5 0 nrn-C&S 

[0 0 1 7] 09 (a) ^*«M^*J^55Fffl^J»»« 

«^a*tctt*bfcr i^s*3^5 0 0 9 (b) K*3BW 

(*«»i-3) 3&sfts<z)-c. ***«iaidai*ttwt 

* & * 9 Lt£v^ £ -5 0 ft *ft « it 

[0 0 18] *IJ»8£R* 3 Lfc»-£cD»/iR£: 

0 2 7 ^^-To 3 Lfc*IJ»«ER60Pfl^ 2 0(Z>flJ#*SF 

ftsi-4, i-4' ^sl-o^So 2ocofitf#^<h; 

«l-4, 1-4' ^rffl^TV^S*:^ «*Ufcfi]#« 

fbs^**tr— ^ittt. 3 o dB»jstcKs-e*s 0 ~ 

CO £ £ 0*IJ»spffl««fr±» 6 0 n mT'fc So WNN£K£ 
2»"»IUfc»^C0flJ»S|Zffl*«tt5 O nm-CfcS^, 
3 5 r <h J: 9 ftft?4&*Ftt£rffj 1 0 n mte^-T 

TtWcov-T^LTfcS;^ 5>£llfc£N <Ntt2£U:SE 

iSfSWi:, *<Z)«l*»BI*c»*tfe^fc (N-i) m<Df\l 

[0 0 19] 0 2tf\ **W<Z>fB2CD«/ai4:^L-C^ 
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So *«W^*2«fi8tt. EilfOTtM (Ml (Dffi. 
ric) £>f#*ISBl-2, 1-3*, -tti-P^H 0 2(c^-t- 
St^^E^^^fctco-c&So +*fc*>. 01 itt, m 
*g&oBIS^;6W.£oT^So i2m 0®coffif^ 
ffccofc*, Blt(Z)ffiit^t, 0lOi«tsS5i-2 

K*t£-J- s<ttsffl5 2 - 1 kio^T^Lfco r^ffl®^: 

tt, 01OiStsS|5i - 3\cttfc-t$>i%t®M (0^BS) fc 
o^rtf^m-CfeSo HiKJfc^ £91£$£ 

10 Bfi*ftfto»3iS 2 ooBjgjtjH 1 - 7, 2-2£ffl 
V>-0>Sr ^T'feSo J9fi*JH2-2iSfcHyj^-5ia,fijt 
<Z>2£Ste, BGftSK 1-7 *Sffi;*j-f 5fijB#Oj£*£ 9 

So 

[0 0 2 0] B3W\ *«W'<0*3 0*«4t«LTVn 
So 02 3 (ft*ft») itt. eS77^^23-4^r 

**«iriLrfflv\ -t<oBiB*aR3-3dS*>6fcfcR 

Ksii-c^s^j&ssfcSo ea6^r-<^<2 3-4^5-^ 

h» (^!)*77^<t'fil lOnm) MRfffl 

fc^^^tiTu>s 0 cco»3«^co=p]#*!Ftt«:igi 0^ 

30 [0 0 2 1] H4tt. **M<Z>»4<D«J«*:*L-CV.> 

So 02 {^w<r>m2mm tw#*5it»t*wttt 

X'feSo <K*t*«H*«r«*-#-S ae>fc, BjBttft^av^ 
Be3t»2-2^:fflV^■CV^5. ^SPo n p4- 2*fflV^T, 
¥Uf»«K l - 9 «r ^— 9*««KR i-T S 1^ — *P y 

(*»a 1 - s 1 - 9 ^yt^a 1-10-x 

«ft4-2-3tttfil-8) ^rMt^o rcOi#. ** 
»fil-8*5J:t^3tSBiBi -1 Olii^- ^fiJtfcitL 

40 0 2 CfcS§^CDf&2«/&) fc*5(J5Bfi*» 

*K*3rfflOKe»**tt^Bfii-SfPJB.«r*-*-5. 
[0 0 2 2] HStt. **M<OjB5^«J««:*U-CV^ 
So 04 (*^W^)^4«^) i««0«*t?&S^. 
1^— ^*S3t^fi»*fftiSH4<Z>»-frta[-t?feSo 

3C«fil -8*5J:a53e»Si - 1 OttU— iflBtR 

50 **jttt«#:*i«*rt^ei(rt-sfca?) % 
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[0 0 2 3] B6lt *lgWom6C0«^^r^LTV^ 

s 0 Gas &mw<DM5mm ia«<o««-c*sis, 

[0 0 2 4] W_h, «.6<?Dl«fi8:S:*L.fc 

/Utr*^ix^Ap^r-T^< (E r 3+ ^ia^T-^^< : EDF) 
il?to x^tr^AiSfliasttioooppmtu l 

5 5 0 n mf^jotf 511 11 UB/ 

m 4:"#"So 

[0 0 2 5] Bl 1 (a), 011 (b) tcffc *fi»<5D 
J|H*i:tf«2'<Z)*ifl|<o*rttSt. HI 1 (a) 
H Bfiftftd* l . 48/i mcoM l <DV£#&ffi<z>Skmm 
T'fcSo EDF 1 1 - 6<Z)*£l*5 0m % Bfi^? 
-ttlOOmW, fl|ftWt8ll-30tf-^j»*lil 

0dB«rt'fc5o r<z>t#<ow#oife*»ffit (5p|# 

hAO £0 12 (a) ^LfCo ¥*S*1]f#2 0 d 
B . 30nm (1 5 3 5-1 5 6 5 nm) T'fc 

So 011 (b) H BgftfiiS l . 55/imC0l2<Z) 
ft*ft«OAI«^fc5o EDF - 12-4<E>fi£*il 
5 0 m, aejt^<r7 — tt2 0 OmW, *lj»*ffc» 1 1 - 

<^attftififcfiFtt (flllt*^ £01 2 (a) (OtL 

7t 0 WI#2 0dB, ¥i»«4 0nm (1 5 7 0- 
16 10 nm) "CfcSo 

[0 0 2 6] 013 fC**W<0 AKffi|<0»j«4:*i- 0 2 
Sy#ISlfM£t?fc9. Su^CDEDF • 1 3-7(7>ft$f±l 
0 Omt'fc^ i^COEDF -13-1 l<7DftStt7 0 
m-C&£o ffig^EDF • 1 3 - 7 <Z>flJ#tt 2 5 

d B T'fc "9 . f^COE D F • 13-11 <Z>flJ#tt 1 5 d 

-^«*fi2 0dBt^5 o W^Lfef!]^^ hA-£ 
012 ( b ) tC^-#- 0 ^ptB^Jff 2 0 d B s 5 0 

nm (1 5 50 — 1 600 nm) T'&S 0 ±fe<£>t¥*t$ 

[0 0 2 7 ] ±IEC0 <fc 5 fc. fflftftK* 2 

*M*?tf±3^^±^5>^TKIt-t-«r<!:tci!9 % & 

So Sfc. *J#*ffc80>**lt*;fc*< tot, 3p|».sp 



(5) »M¥ 10-29^4510 

8 

[0028] § 2. mimm&m 
sit. mmz&MisX. z<D%w<DW>imm%ZM\c<>\,^ 

tRWt5. HUH ro^^omiUJfe^fciS 

(Er 3 «7 7 ^;EDF) *rfflV\ 2J£it<g*/£ 
^iot^^o ^^!)AiMggttl 0 00ppm4 
U 1 5 5 0 n mf-^^ ^m^^*^fne^4X#fCfl 1 
d B/mitSo ftuS^E D F * 14-8 <Z>ft£ fit 1 0 
Om-C&t), tSOEDF • 1,4-1 2©ftSH7.0m 
t'fe^o aS^Sl 4-6, 14-1 OH 1. 5 3/i 
m^SSfleu— 9* (LD) T'fe 9 . §8*^7-1410 
OmWT'&So BC:)fc£tt**<0*ft«l 4-7, 14 
-1 lf±»«##Jig|^^/u^ fU#«fbSi 4-4tt 
20 Split Beam Fourier Filter (7— y:c;7>f/u20 ^fe 
So flJ#**fc« (7-yx7^^)14-4^)^ 
»*^±1 7 dBT'feSo mi^cOEDF -1 4 - 8 <Z>fll-f# 
li25dBtfc5, ^tCOEDF -14-1 2 <£>flj#te 

lSdB-c&s. v f-^stBBSikofc 
BU^coit*ISP^2(@. f£I*<&i««ttKl|BRBLT 

s t^>t-rso 

[0 0 2 9] **W^JRl H16Jl5IB<05pJ»^^ h/u«r 
30 01 5 \Ztf LfCo ¥ffi5pJ» 1 7 d B , 5 0 

nmtlltV^, 1. 5 4 — 1. 6 1 $i m<Z)#ft 

g(I^A* 2 0fe, 10 Oft) Ot^COtSfO 

mjj\±mi SdBmtfe'O, +#i«V\, TtfcU -&ft§g 
14-7, 14-1 1, *7>fyu-?14-9, 14 

-n.fiKms (^-y^^^/w^) i4-4ootf 

dB tbft. 
[0 0 3 0] § 3. m2MMBm 

6tt, ro*M<o»2*)6»llicj:siE*«*itlB«o 

40 i*fltWa^B-(?*5. 014 WlXtS 
KB) ittBe3te«»AS»*S. fl&»fKiHtt^ffitei(R 

T'fcSo lE*H6-4, 16-811 SSI. 4 8 
jam. HlM^l?^10 0mW^LDt'fc^ Bfi#«K . 
16-6, 16-10H, Sffil. 5 5/im,.ffi**A 
!7 — 1 mWCO LDT'fcSo EDF - 14-8, 14-1 
2rt*CAItLfcl. 4 8 m£>BfijfeH slEDF * 1 
4-8, 1 4- 1 2td®Ifc£ft, — j£\ 1. 5 5vm<D 
l)g*l KEDF- 14-8, 1 4- 1 2* -CitlBS 
ftSo -tOJHr*. 5IEDF - 14-8, 14-12 <D± 
50 ffiffi-Cttl. 4 8 /im<©Bfijt^<l7— dSXEW-C&S 
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1- 5 3Amt?B8Ufc»l*Mi« 
K<E»**S1. 4 8/imaeti9«i8(?)^ »t*» 

[0 0 3 1 ] §4. I3l!iii 

»j««4r*i->^o^^Ht?*-B. Hi 4 (M l 
ft) fctt. T^>'«*I^SDx.X : V>-5^sS^-5o 

('>W7rY^) 18-4^, ftgi. 5i/i 

m, fflM^-2 0 0mW^Ig)ti (LD) -18 
- 6-ejftfiL"C^5o 6277^^18-411 60 k 
mC0MV7h7r^^t'fc5 o 1. 6 1/i mTO7^ 
vfi|#te5 d Bt'fc^o 01 9fc*3llfe?gffi^J:S*iJ# 

OdB, 2 5 nmO|pl±iSfcs. 

[0 0 3 2] ^\ 1 8-5 t LT*fS]ttM^ 

ea&7r>r ^<^»^5Bbiea6fi d. si^m) t«-s§- 

5 <t IXWDM (Wavelength Division Multiplexing) 

[00 3 3] § 5. &4 3llftgflr 

Ott. ^O^W^^4ll^^(ci;Sj£^)tti(iI|g<7? 
ffif&ffl&TFl-yu yj^H-CfcSo *3IJfi?Bffitt, mi 6 

<«2jiifc«iB> ttt, «ra*5£t5*a^it««ic*5*t 
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